NOMENCLATURE

PF
Total profit of GENCO's RV Total revenue of GENCO's TC Total generation cost of GENCO's P it Real power output of the i th generator at an hour of t P i (t)
Real power output of i th Generator P D (t) Forecasted system demand during hour t P i max (t) The restructuring of electricity has changed the role of traditional entities in a vertically integrated utility and created new entities that can function independently. The new entities are GENCO, TRANSO, and DISCO. The main objective of the introduction of competition in the electricity supply industry is to increase efficiency in the production and distribution of electricity, providing better choice to market participants, while maintaining the security and reliability of supply. The fundamental idea behind this is the commercial separation of electric energy as a product from its transmission as a service, the ultimate goal being to protect the interest of the consumers [1] . At the same time, the utilities must also be kept in business by ensuring sufficient revenue recovery that would meet their targeted profit levels.
In the paper [2] and [3] the deregulated environment, generation, transmission and retail services are unbundled also provided by a distinct entity. The main entities involved in the provision of transmission services are Independent System Operator (ISO) and Transmission Companies (TRANSCOs). Generating Companies (GENCOs) and Distribution Companies (DISCOS) are the main users of transmission services. Most of the restructured models have wholesale power pools or Power Exchanges (PX) and Scheduling Coordinators (SCs). The electricity market [4] can trade through a centralized market, bilateral contracts, or both. Not only should a competitive electricity market be efficient, meaning that it either operates at or very close to its optimal operating point, it should also be price -driven, therefore requiring the existence of a fair, transparent and open price-setting mechanism. The factors that favor market efficiency include the number of participants and the information exchange mechanisms -in an efficient market, all participants have sufficient information about the prices, supply and demand.
The review is to promote competition by facilitating entry and exit from the electricity market, thus increasing its efficiency and providing greater choice to market participants, while maintaining the operation of a secure and reliable system. Among the principals of the new arrangements are to abandon the current centralized [5] scheduling and pricing mechanisms, to minimize central administration and increase participation from the demand side, and to give market participants the ability to freely negotiate their sales and purchases , based on the level of risk they are able and willing to accept . Trades could be arranged a few years in advance via the use of forwards or futures contracts or through short-term screen -based power exchanges. Participation in the market would be entirely voluntary, with terms negotiated between the parties involved. The settling of trades would be left to the market participants, while the balance of supply and demand would be achieved through a separate balancing mechanism.
A host of solution techniques such as integer programming, dynamic programming, lagrangian relaxation and simulation techniques are available to solve optimal generation scheduling problem [6] [7] [8] .
Researchers also presented a review on deterministic, meta-heuristic and hybrid approaches of generation scheduling in both regulated and deregulated power markets. All the above methods have their own advantages and also disadvantages. [8] [9] [10] [11] [12] [13] [14] The objective of this paper is to develop a genetic algorithm based optimal generation scheduling and the constrains handled are power balance, unit capacity limits. The method is simple and execution time is less when compared with other conventional methods. The proposed method is applied on two test system to illustrate its performance and the results are presented.
II. PROBLEM FORMULATION
The proposed GA is formulated as an optimization problem that maximizes [14] the GENCO's profit as
The equation (2.2) represents the GENCO's profit, which is the difference between the revenue (based on the forecasted market price of electricity) and the cost of power generation. The total cost F i (P i (t)) includes the start-up, shut-down and operating costs of a unit. However, we could also present the startup cost as a function of cost (dollars) instead of fuel.
th GENCO's cost parameters which are included in the GENCO's offer parameters. The objective is to maximize profit while satisfying the constraints on the demand, Generating unit limits and unit output and ramp up or down time of unit.
Subject to constraints…
This inequality constraint shows that the total power generated by a GENCO should be less than or equal to the forecasted system demand. It is to be emphasized that a GENCO is not responsible for supplying the system demand which is the ISO's responsibility. A GENCO will supply a portion of the demand that maximizes its profit which will be determined by the optimization problem.
(ii) Generating Unit Limits
5) The power generated for each unit must be within a certain range represented by its minimum power output ( P i min ) and its capacity (P i max ).
(iii) Spinning reserve
To ensure that the power system can recover from an unplanned contingency, a pre-specified amount of operating reserves for the system needs to be maintained. This system operating requirement is then converted into corresponding individual contributions from each of the generators supplying energy to a given power system. The relationship of the MW output of a generating unit to its operating-reserve obligation can be represented in the following manner.
III. SOLUTION METHODOLOGY
Genetic Algorithm
Genetic Algorithm (GA) is an optimization technique based on the Natural evolution process. They are a very general algorithm [15] and so will work well in any search space. A first step of GA is the creation of initial population and the size is determined by experimentation. The second step is that of Evaluation wherein the variables are read and decoded and function values are evaluated. The third step is Reproduction where in the weaker members are replaced by stronger based on fitness values. Crossover is performed in the fourth step to produce offspring's. Mutation is performed in the fifth step so that parent selection and cross over operations do not lead to identical individuals.
In this study, the value of the objective functions (profit) is used to designate the fitness function. To evaluate the total profit of a GA string the optimal value of loading for each committed GENCO needs to be determined by solving different (one at each hour) power calculation sub-problems whereby we try to maximize the profit for the particular string. This is based on the feasible and operating range of the control variables. The first population is randomly initialized. Here population size is 20; initially many individual solutions are randomly generated to form an initial population. The population size depends on the nature of the problem, but typically contains several hundreds or thousands of possible solutions. Traditionally, the population is generated randomly, covering the entire range of possible solutions (the search space). Occasionally, the solutions may be "seeded" in areas where optimal solutions are likely to be found. Reproduction is the process in which individuals are copied according to their profit function.
In simple GA, strings are selected in the mating pool by Simple Roulette wheel selection. The following two schemes are applied for the selection of parents so that the string with large values of fitness is copied more into the mating pool. Besides standard single point crossover, another crossover operation has been used in this work. According to this scheme; one randomly chosen GENCO in one population is exchanged with the status of same unit in other population. Crossover operator creates new chromosomes from randomly selected chromosomes from mating pool. The crossover operator is carried out according to a rate of crossover. In this study crossover rate is defined as 0.8 and the type of crossover is scattered. Our approach is as follow: Two chromosomes are selected from mating pool as parents, randomly. A number is selected from interval (0, 1) randomly and uniformly. If random number is less than crossover rate then crossover operator create two new chromosomes as child from parents, else parents will be copied in child chromosomes cell by cell. After selection and crossover, you now have a new population full of individuals. Some are directly copied, and others are produced by crossover. In order to ensure that the individuals are not all exactly the same, you allow for a small chance of mutation. You loop through all the alleles of all the individuals, and if that allele is selected for mutation, you can either change it by a small amount or replace it with a new value. The probability of mutation is usually between 1 and 2 tenths of a percent. A visual for mutation is shown below. As you can easily see, mutation is fairly simple. You just change the selected alleles based on what you feel is necessary and move on. Mutation is, however, vital to ensuring genetic diversity within the population. In mutation operator is used to form the new strings. So it must return to first step for fitness calculation. Mutation rate is considered as 0.2 and the type is Gaussian.
IV. SIMULATION AND RESULTS
The proposed methodology is tested to evaluate its accuracy on 3 unit 12 hour system and 10 unit 24 hour system [9] using MATLAB. The unit data for 3 unit 12 hour system, 10 unit 24 hour system and forecasted demand and spot price for these system are given in tables I, II, V and VI. Initial status in these tables indicates the status of generator of concerned unit before starting the scheduling hour. GA parameters setting are shown in table III. 
VI. Conclusions
The genetic algorithm has been applied to solve the Gencos profit maximization problem by considering the constraints such as generating limits and Gencos demand in the day ahead market. A multi objective profit maximization problem has been proposed based on some assumptions such as forecasted load and forecasted Market Clearing Price (MCP). Two different size systems are used to demonstrate the effectiveness of the proposed GA approach for GENCOs. The simulation results have been compared with the results obtained from conventional method to highlight the superiority of the proposed approach.
VII.
